Objective: Since black tea contains high levels of manganese (Mn), we investigated the relationship between dietary Mn intake, circulating Mn levels and leucocyte expression of two Mn-dependent enzymes in tea drinkers and non-tea drinkers. Design: We assessed Mn intakes (food frequency questionnaire), fasting whole blood and plasma Mn levels, and quantitative expression of peripheral blood mononuclear cell Mn-dependent superoxide dismutase (MnSOD) and cytosolic aminopeptidase-P (cAP-P). Setting and subjects: In total, 24 tea drinkers (X1 l black tea/day) and 28 non-tea drinkers were recruited from the staff and students of King's College London by circular email. Results: Dietary Mn intakes (mean (range)) were significantly lower (Po0.0001) in non tea drinkers (3.2 mg/day (0.5-6.5)) than tea drinkers (5.5 mg/day (2-12) or 10 mg/day (5-20) depending upon the value used for Mn levels of black tea). Whole blood, plasma Mn levels and expression of MnSOD and cAP-P did not differ between the groups. In a continuous analysis, whole blood Mn levels and expression of MnSOD correlated inversely but no other parameters associated with each other. Conclusions: Tea drinking is a major source of dietary Mn and intakes commonly exceed proposed adequate intake values of 1.8-2.3 mg Mn/day and, on occasion, exceed upper limits of 10-11 mg/day. Dietary Mn intake has little influence on markers of Mn status or expression of Mn-dependent enzymes. Fasting whole blood Mn levels and leucocyte expression of MnSOD could, together, be further investigated as markers of Mn status. Sponsporship: S-JH was supported through the EPSRC PTP scheme. Running costs were from the UK Technical Tea Trade Association.
Introduction
Tea is the second most popular beverage in the world (International Tea Committee, 1995; Wrobel et al., 2000) and about 50-60 billion cups of tea are consumed per annum in each of the USA (The American Tea Society, 2002 ) and the UK (The Tea Council, 2003a, b) . The latter has a much higher per capita intake at about 3.5-4.0 cups/person/day (Ulteamate, 2003) although the consumption of tea is increasing in the USA (International Tea Committee, 1995) . Leaf tea, which is used to make the infusion, is produced from fermentation and/or drying of the tea plant leaves. Unfermented tea is referred to as green tea, partially fermented is termed oolong tea while fully fermented is termed black tea (The Tea Council, 2003a, b) . Black tea is by far the commonest form of tea that is drunk in the Western world and the infusion is rich in certain nutrients, especially minerals (Powell et al., 1998) .
Tea drinking is a potentially major source of dietary manganese (Mn) as 1 l (four standard mugs) of black tea is estimated to contain 1.8-5.2 mg Mn (Gillies and Birkbeck, 1983; Fraile and Flynn, 1991; Matsushima et al., 1993; Powell et al., 1998; Matsuura et al., 2001) .
Mn is an essential element for a number of key enzymes including liver pyruvate carboxylase, arginase and, most notably, mitochondrial or Mn-dependent superoxide dismutase (MnSOD) (Greger, 1998) . MnSOD is expressed in all cells of the body and plays a fundamental role in the destruction of mitochondrial superoxide anions, which are by-products of normal cellular respiration. The essential nature of MnSOD is evidenced from the finding that knock out mice, homozygous for the MnSOD gene deletion (MnSOD (À/À)), are unable to survive beyond a few weeks of age (MacmillanCrow and Cruthirds, 2001) . Even mice that are heterozygous for the mutation (i.e. MnSOD (À/ þ ) mice) are prone to mitochondrial oxidative damage and dysfunction (Macmillan-Crow and Cruthirds, 2001) . In contrast, overexpression of MnSOD, in hepatic mitochondria of rats, affords remarkable protection against high-dose ethanol probably by preventing the formation of free radical adducts (Wheeler et al., 2001) .
In rats, increased Mn intake increases MnSOD in certain tissues (Thompson et al., 1992; Malecki et al., 1994) , while, in human subjects, Mn supplementation increases the activity of MnSOD in circulating leucocytes (Davis and Greger, 1992) . It is not known, however, how the intake of dietary Mn relates to cellular MnSOD levels in free living subjects although, in combination with circulating levels of Mn, leucocyte MnSOD activity has been suggested as a biomarker of Mn status (Greger, 1998 (Greger, , 1999 . Both plasma (Greger, 1998 (Greger, , 1999 and whole blood (Clegg et al., 1986) have been proposed as appropriate compartments for the assessment of circulating Mn levels.
In addition, the recently described mammalian cytosolic aminopeptidase P (cAP-P) is a Mn-dependent enzyme that is expressed in leucocytes (Cottrell et al., 2000) . This enzyme appears to be involved in a discrete pathway, namely the hydrolysis of bradykinin and substance P (Cottrell et al., 2000; Kulkarni and Deobagkar, 2002) , and thus could be less prone to activation by multiple cellular stimuli than MnSOD (Greger, 1998; Macmillan-Crow and Cruthirds, 2001) .
In spite of the relatively broad array of Mn-dependent enzymes in human physiological function, there is no Recommended Dietary Allowance in the USA or Recommended Nutrient Intake in the UK for Mn. For adults, in the UK, safe intakes for Mn are believed to be above 1.4 mg/day while the EU Scientific Committee on Food has only set a wide, acceptable range of 1-10 mg Mn/day for adults (SCF, 2000) . In the USA, Adequate Intakes (AI) of 1.8 mg (F) and 2.3 mg (M)/day have been suggested for adults (IOM, 2001 ).
The objective of this study was to determine whether potential markers of Mn status differ between non-tea drinkers and tea drinkers, as the latter were expected to have higher Mn intakes. Hence, comparisons were made between the two groups for daily dietary intakes of Mn, levels of Mn in whole blood and plasma, and leucocyte expression of two Mn-dependant enzymes, namely MnSOD and cAP-P. For the enzyme assays, quantitative mRNA expression was preferred to measures of activity, as this is a simpler technique that, potentially, could then be more widely applied in subsequent studies.
Materials and methods

Volunteers
The project was approved by King's College ethics research committee and all subjects gave written consent. Volunteers, not taking nutritional supplements and consisting of staff and students from King's College London, were recruited by circular e-mail that asked for tea drinkers and non-tea drinkers to attend the Nutrition Department to provide a venous blood sample and to complete a food frequency questionnaire (FFQ). A total of 52 healthy volunteers were recruited, 24 black-tea drinkers (age range 22-62 years) and 28 non-tea drinkers (age range 21-63 years) ( Table 1) and neither group consumed green tea or fruit/herbal teas. Tea drinkers were defined as those who consumed four or more mugs (i.e. X1 l) of black tea daily. Non-tea drinkers were those who did not consume tea at all.
FFQ
Since no validated FFQ has been developed to determine dietary intakes of Mn, we used a general FFQ that has been designed to capture the variation in dietary intakes of the UK population including most vitamins and minerals (Nelson et al., 1997) . The FFQ consisted of a 20-page paper questionnaire and asked subjects about their usual consumption of 111 food items ranging from bread and cereal to meat, vegetables and drinks. In total, 10 frequency categories for each food item were used; 1-7 days/week, fortnightly, monthly or never. Volunteers were asked to quantify the amounts of each food consumed in terms of household measures (Nelson et al., 1997) . A manuscript on the validation of the FFQ is in preparation. The weight of each food was calculated using the IDA (Integrated Dietary Analysis) software package (IDA, 1997) and by using a compilation of typical weights and portion sizes of foods eaten in the UK (MAFF, 2001) . Dietary intakes of Mn were calculated using the McCance and Widdowson food composition tables (Holland et al., 1991) . Daily Mn intakes were determined by multiplying the consumption frequency of each food by the nutrient content of the assigned portion size and by summing these values for all foods consumed by each subject (Tsubono et al., 2001) .
Collection of blood samples
Overnight fasting venous blood samples were collected from 52 volunteers (n ¼ 28 non-tea drinkers and n ¼ 24 tea drinkers) in sterile 10 ml vacutainers containing lithium heparin (Becton Dickinson Vacutainer Systems, Plymouth, UK) as an anticoagulant. In total, 20 ml of blood were collected. A volume of 4 ml was taken for whole blood Mn analysis and 6 ml for plasma Mn analysis following centrifugation and transfer of plasma to a clean polypropylene container. Plasma samples were without visible haemolysis and both plasma and blood samples were stored at À201C until analysis.
The remaining 10 ml of blood was collected for separation of peripheral blood mononuclear cells (PBMNC) and estimation of mRNA expression of two Mn-dependent enzymes, namely MnSOD and cytosolic aminopeptidase-P (cAP-P). Gene transcription of hypoxanthine-guanine phosphoribosyl transferase (HPRT) was also assessed as a reference (housekeeping) gene.
Manganese content of black tea
Black tea infusions were prepared using four popular UK brands (Yorkshire, PG, Tetley and Safeway). For each variety, 250 ml of boiling tap water were added to one tea bag in a clean mug for 1 min. The bag was then removed and the infusion allowed to cool before analysis for Mn content using a Thermo Jarrell Ash VIDEO 12E flame-atomic absorption spectrometer. For each black tea brand, a total of 11 tea bags were analysed in duplicate. The reference material used was NIES No7 tea leaves with a certified value of 700725 mg/g Mn and the mean value from analysis of this reference material was 696725 mg/g Mn (Hope, 2005) .
Mugs were washed in nitric acid and rinsed extensively with deionized water prior to preparing the tea beverage. The Mn content of the tap water used to prepare the tea was substantially lower than that of the tea itself (Thames Water; o5 mg/l Mn) and its contribution to the overall Mn content of the tea beverage was, therefore, minimal (i.e. o1%).
Whole blood and plasma analysis
A range of branded needles, syringes and vacutainers was tested for contamination of leachable Mn. A 0.1% HNO 3 solution (BDH, Poole, England) was drawn into syringes, using the needles, to maximum volume. Vacutainer tubes were also filled to maximum volume and all were left overnight and then the solutions analysed by graphite furnace-atomic absorption spectrophotometry (GF-AAS). Based upon these data, levels of contamination did not exceed 0.2670.2 ng Mn/ml in any sample. Standard vacutainers and 20-gauge needles yielded undetectable levels of contaminant Mn and were therefore used in the volunteer studies.
Working standards were prepared from atomic absorption spectrophotometry (AAS) standard solutions (Spectrosol, BDH, Poole, England) while all other reagents were of analytical grade. Plasma and whole blood samples were thawed at room temperature and diluted (1:3) using 0.1% Triton X-100 and 0.2% HNO 3 in deionized water. A Pd(NO 3 ) 2 matrix modifier solution containing 3000 mg/l Pd was prepared (Schlemmer and Welz, 1986) . Mn determinations of whole blood and plasma were performed using a Perkin Elmer 4100ZL GF-AAS with Zeeman effect background correction using an adapted method of Luna and Campos (1999) . Automated injections were made using a Perkin Elmer AS-70 that delivered 10 ml of matrix modifier to 20 ml of sample. Pyrolytically coated tubes with platforms were used for all determinations. The accuracy and validity of the analytical data were established through the use of standard addition calibration, triplicate analysis and analysis of certified reference materials. Standard additions of 0, 2.5 and 5 mg/l Mn were used for plasma analysis and additions of 0, 5 and 10 mg/l Mn were used for whole bloods. Standard additions were made using a diluted stock solution from a standard Mn solution (Spectrosol, BDH, Poole, England). Certified reference materials were Seronorm Trace Elements, Serum (certified value 10.6 ng/ml Mn with an analytical range of 10.2-11.2 ng/ml) and Seronorm Trace Elements, Whole Blood, Level 2 (certified value 13.4 ng/ml Mn with an analytical range of 12.8-15.1 ng/ml) (both SERO AS, Norway).
Determination of MnSOD and cAP-P expression RNA was isolated from total PBMNC using Trizol reagent (Invitrogen Technologies, USA). Total RNA was measured using spectrophotometry (A 260 nm ) and, for each sample, 5 mg total RNA was used to make cDNA by reverse transcription oligo-dT priming using the MMLV-RT enzyme (Invitrogen Technologies) according to the manufacturer's recommendations. Total cDNA was diluted 1:3 and used for two-step realtime-polymerase chain reaction (PCR). Real-time PCR was carried out in a total volume of 20 ml using Qiagen's SYBRgreen PCR mastermix and 2 ml of the diluted cDNA. The primers, designed in-house and analysed for compatibility by means of Blast searches, were as follows: AACGTCACCGAG GAGAAGTACC as the sense primer for human MnSOD and CCTTGGACACCAACAGATGC as the antisense primer. The size of the amplified product was confirmed as 245 bp, and annealed at 551C. For human cAP-P, the sense primer was AGTGACAAGGCCAGCTATGC and TGAGATCTCTGTCA CACCACC for the antisense primer. The size of the amplified product was confirmed as 210 bp, and annealed at 551C. The reference (housekeeping) gene was human HPRT with a sense primer of TTGTAGCCCTCTGTGTGCTCAAG and an antisense primer of GCCTGACCAAGGAAAGCAAAGTC. The size of the amplified product was confirmed as 270 bp, and annealed at 601C. Amplification and instrument settings were according to the manufacturer's recommendation (Qiagen SYBR Green PCR mix), using the Light Cycler realtime PCR instrument (Roche). In brief, a 15 min denaturation was followed by 30 cycles of 20 s denaturation at 941C, 20 s annealing at 55-601C, 30 s extension at 721C, followed by a melting curve analysis. For analysis of real-time PCR data, identical serial dilutions (in 10-fold steps from 100 to 0.01 pg per reaction) of a plasmid (Litmus 38, New England Biolabs), containing the relevant PCR product cloned in the EcoRV site, were used in every single run as a standard curve.
The calculated values of MnSOD and cAP-P were normalized against the calculated values of HPRT expression for every sample and this ratio is expressed as a relative value (rv) with the lowest being set as 1.0.
Statistical methods
Categorical variables (i.e. results from tea drinkers and nontea drinkers) were compared for Mn intake, fasting plasma and whole blood Mn levels and expression of leucocyte MnSOD and cAP-P. A priori hypotheses were that Mn intake, circulating Mn levels (plasma and whole blood) and expression of leucocyte Mn-dependent enzymes would be greater in tea drinkers than non-tea drinkers. Data were compared by unpaired t-test if normally distributed and MannWhitney test if non-normally distributed. Owing to the interest and uncertainty in potential biomarkers of Mn status in humans, we also undertook correlations of the data as continuous variables (i.e. not stratified for tea drinking).
Results
The mean7s.d. Mn level of the certified whole blood reference material was 13.571.3 ng/ml (expected value 13.4 ng/ml), and the mean value of the serum reference material was 10.870.5 ng/ml (expected value 10.6 ng/ml).
Mn levels of black tea infusions were 0.5170.11 mg/100 g (Mean7s.d.) in agreement with previous findings (Powell et al., 1998) but higher than the 0.14 mg/100 g used in the McCance and Widdowson UK food composition database (Holland et al., 1991) . However, Mn intake (mean (range)) was significantly greater in tea drinkers than non-tea drinkers using either the value of 0.51 mg/100 g (10 mg/day (5-20) versus 3.2 mg/day (0.5-6.5), respectively; Po0.0001 by t-test) or 0.14 mg/100 g (5.5 mg/day (2-12) versus 3.2 mg/ day (0.5-6.5), respectively; Po0.0001 by t-test) (Figure 1) .
Mean fasting plasma Mn levels were similar (MannWhitney test) in both groups (P ¼ 0.94) varying from 0.1 to 4.4 ng/ml (Figure 2) . Whole blood Mn levels (MannWhitney test) and expression of cAP-P (t-test) and MnSOD (Mann-Whitney test) did not differ significantly in tea drinkers compared with non-tea drinkers (P ¼ 0.11, 0.15 and 0.4, respectively; Figures 3-5). Overall, fasting whole blood Mn levels ( Figure 3) were about six-fold higher than fasting plasma Mn levels (Figure 2 ). The expression of cAP-P was normally distributed (Figure 4 ) and fell within a relatively narrow band (1.0-8.2 units for all subjects) in contrast to the expression of MnSOD (Figure 5 ), which varied by more than two orders of magnitude between subjects.
Relationships between the expression of Mn-dependent enzymes and Mn intake or circulating Mn levels were investigated by correlation. Following exclusion of an outlying point at x ¼ 26.8 and y ¼ 69.7 (see Figure 6 ), the expression of MnSOD correlated, inversely, with whole blood Mn (r ¼ À0.36, P ¼ 0.02; simple linear regression) although the association appeared to follow a nonlinear relationship (Figure 6 ). The best-fit curvilinear relationship was given by the expression: MnSOD ¼ À2.8 þ 141.9/whole blood Mn, with r ¼ 0.41 and P ¼ 0.002. Figure 1 Total daily dietary manganese (Mn) intakes for tea drinkers and non-tea drinkers assuming, as found by analysis, a level of 0.51 mg Mn/100 ml black tea infusion (main graph) or, as quoted in the UK food composition database, a level of 0.14 mg Mn/100 ml black tea infusion (inset). In both cases, Po0.0001 for Mn intakes of tea drinkers versus non-tea drinkers.
Influence of tea drinking on manganese intake S-J Hope et al
The linear correlation between expression of cAP-P and Mn intake did not achieve significance (r ¼ 0.2, P ¼ 0.16; Figure 6 ). There was no association (PX0.5) between the remaining combination of variables by correlation.
Discussion
There is no Recommended Dietary Allowance in the USA or Recommended Nutrient Intake in the UK for Mn. For adults, in the UK, safe intakes for Mn are believed to be above 1.4 mg/day while the EU Scientific Committee on Food has only set a wide, acceptable range of 1-10 mg Mn/day for adults (SCF, 2000) . In the USA, AI of 1.8 mg (females) and 2.3 mg (males) per day have been suggested for adults (IOM, 2001) . In all cases, however, there has been considerable uncertainty in setting these Dietary Reference Values/Intakes and in specifying with any confidence the percentage of individuals covered by the recommended intake (IOM, 2001) .
Reasons for this uncertainty are multiple. First, although dietary Mn intake data are commonly available, such as from the UK National Diet and Nutrition Surveys (NDNS) (Finch et al., 1998; Gregory et al., 2000; Henderson et al., 2003b) , the food composition tables that serve these surveys do not Influence of tea drinking on manganese intake S-J Hope et al always have comprehensive and contemporary data for the Mn contents of foods. Secondly, there are too few detailed studies of dietary Mn turnover and metabolism (FreelandGraves et al., 1988; Greger et al., 1990; Davis and Greger, 1992) . Thirdly, there is a perception that human Mn deficiency has not been observed in the population (IOM, 2001 ) and yet, as noted above, not only is true deficiency rare for most nutrients in the UK, it is not even known how long-term, suboptimal Mn intake would manifest itself. Finally, there are currently no useful biological indicators of dietary exposure or status for Mn (IOM, 2001) . In the present study, the estimates of Mn intake were based on an FFQ that asked about consumption over the previous year. The precision of this estimate in relation to true intakes is difficult to establish, given that there is no independent reference measure for Mn against which to compare estimated intake (e.g. a robust biological marker) and the general difficulties of dietary assessment and its interpretation (Nelson et al., 2004) . The recent adult NDNS (Henderson et al., 2003a ) reported mean (s.d.) Mn intake from food sources in men was 3.32 mg/day (1.42) and in women 2.69 (1.10), based on 7-day-weighed inventories of diet and using the McCance and Widdowson figure of 0.14 mg/100 ml infusion for black tea. The present estimates of Mn intake (3.2 mg/day in non-tea drinkers and 5.5 mg/day in tea drinkers) are of the same order of magnitude as the NDNS values. The slightly higher values from the present FFQ do not necessarily represent a bias towards over-reporting, as there was substantial under-reporting (of energy) in the NDNS (Henderson et al., 2003b) , while tea drinkers in the current study consumed X4 cups tea/day and hence Mn intakes in this group are expectedly higher.
In this work, for non-tea drinkers, the mean values of Mn intake were 3.2 mg/day (range 0.5-6.5 mg/day) and, therefore, consistent with acceptable dietary intakes (EU) or slightly higher than the AI (USA). For moderate to heavy tea drinkers, defined in this study as those consuming at least 1 l (four mugs) black tea infusion per day, the values were significantly higher and dependent upon the concentration used for the Mn content of tea infusions. Previously, figures around 0.5 mg/100 g have been reported for the Mn content of black tea infusions although those as low as 0.1 mg/100 g have also been suggested (Gillies and Birkbeck, 1983; Matsushima et al., 1993) . Clearly the type of tea, including its geographical origin, degree of fermentation prior to drying and leaf size, as well as type and temperature of water, length of brewing time and strength of tea brew will all impact upon the concentration of Mn and other nutrients present in the infusion. The McCance and Widdowson value of 0.14 mg/100 g (Holland et al., 1991) would appear low but would mean that, in this study, tea drinkers ingested an average of 5.5 mg Mn/day (range 2-12 mg/day). Our limited studies with typical commercial tea bags, steeped in boiling water in a mug for 1 min, as most typically occurs in the UK, yielded average values of 0.51 mg/100 g and hence this value was used in further analysis of the data. In this case, 'tea drinkers' ingested a mean of 10 mg Mn/day (range 5-20 mg/ day), greatly exceeding the AI (USA). In fact, approximately 40% of moderate to heavy tea drinkers exceeded the acceptable dietary intake (EU) of 10 mg and the Tolerable Upper Intake Level (UL) (USA) of 11 mg Mn/day (IOM, 2001) . Tea polyphenols have relatively weak affinity for most divalent metal ions under gastrointestinal conditions, including Mn 2 þ (Powell et al., 1998) , and in vitro studies, using human gastric juice (Powell et al., 1998) , as well as feeding studies in animals (Fraile and Flynn, 1991) , suggest that Mn is potentially well absorbed from tea. Taken together, these data suggest that the AI and UL of 1.8-2.3 and 11 mg Mn/day respectively, and the upper end of the SCF's acceptable dietary intake (10 mg Mn/day), are relatively conservative values, especially for tea drinkers. Much of this study considered the effect of habitual high Mn intakes from tea drinking on circulating Mn levels and leucocyte expression of Mn-dependent enzymes. Neither Influence of tea drinking on manganese intake S-J Hope et al outcome was affected significantly by tea drinking and there are several possible interpretations of these findings. First, the additional Mn intake from tea drinking may not contribute to the dietary fraction of bioavailable Mn. However, as noted above, limited in vitro and in vivo studies suggest otherwise, although Mn absorption studies from tea drinking in human subjects are clearly required to quantify this. Secondly, efficient Mn homoestasis, which occurs mostly at the level of the gut (liver/gastrointestinal tract) (Clegg et al., 1986) , may maintain a similar Mn status in individuals habitually ingesting 0.8-20 mg Mn/day (i.e. the range of Mn intakes in this study) (Finley et al., 2003 (Fanzo et al., 2001) . Nonetheless, this work is based upon findings with habitual dietary intakes and both blood and plasma Mn levels were normally distributed. It was interesting to note that the expression of leucocyte MnSOD and whole blood Mn levels appeared to correlate inversely. It is possible that with especially low levels of available Mn, the MnSOD protein is dysfunctional (i.e. Mn deficient) leading to overcompensation of MnSOD expression as has been found previously for Zn and the p53 tumour suppressor gene (Fanzo et al., 2001) . This would, however, only be anticipated in cases of severe depletion and would not explain the cases of low whole blood Mn levels and low MnSOD expression in the present findings ( Figure 6 ). A second, and more likely, possibility is that whole blood Mn acts as a labile store of Mn. MnSOD is one of the three primary Mn-metalloenzymes of the body (Wedler, 1994) and, in this study, circulating leucocyte expression varied greatly between individuals. This presumably is a reflection of the requirement for mitochondrial antioxidant expression of circulating leucocytes at the time of study. Blood may thus serve as a reservoir for the rapid provision of Mn to the enzyme, hence explaining a general inverse relationship except when levels of both are low (i.e. possible Mn depletion). In terms of estimated habitual dietary Mn intake, there was no obvious difference between subjects with low MnSOD expression plus low Mn levels and the other subjects. As noted above, MnSOD expression is potentially affected by a variety of stimuli; hence, clearly further work is required to see if Mn supplementation would alter either of these parameters in subjects with low expression of MnSOD and low levels of blood Mn. Thus, while the relationship between leucocyte MnSOD expression and whole blood Mn, and even a possible relationship between cAP-P expression and dietary Mn, may provide some clues in Mn homeostasis or Mn status, these findings require confirmation in a larger number of subjects and/or longitudinal intervention studies.
In conclusion, tea drinking appears to provide substantial levels of dietary Mn in habitual moderate to heavy black-tea drinkers. This does not appear to markedly alter circulating Mn levels or expression of leucocyte MnSOD or cAP-P. However, an inverse relationship was noted between whole blood Mn and leucocyte MnSOD expression as well as a possible direct association between Mn intake and cAP-P expression; hence, further work should consider this when seeking markers of Mn status or investigating Mn metabolism in humans. The use of enzyme activity and longitudinal intervention studies may prove useful additional indicators. Black tea does appear to be a major source of dietary Mn and the USA or EU upper limits of 10-11 mg/day for Mn could be reconsidered, especially for tea drinkers.
